We studied the coagulation which can occur in collected resist solutions and offer a resist reclamation system suitable for simple Matrix Liquid Crystal Display (S1s1LCD)-manufacturing lines. A lot of particles under a few im in size are fonned in the collected solution during a roll-coating process; most particles are coagulacontaining various metal ions coming from the conditions the resist encounters. These coagula can be filtered. On the other hand, the increase in viscosity caused through the coating process is adjusted to its original state by adding a resist solvent. When the collectedphotoresist i s kept at a room temperature for 50 days, needle-shaped crystals appearin the resist solution.These crystals were determined to be ammonium zinc sulfate hexahy kate by means of X-my diffraction analysis, and their formation can be avoided by carefully selecting the rubber material on the surface of rolls. When the collected resist is kept at an elevated temperature of 40t for 100 days, bead-like coagula appear in the solution. The beads consist not only of thermally modifiedphotoactive compounds (PAC) but also of novolak resin. Areclamation system which is composed of a double cylindrical viscometer and a microfilter unit has been tested for more than half a year, and was found to perform 30.0±0.5 cP in viscosity and to reach an equilibrium on water content; about 1%.
Introduction
In manufacturing Simple Matrix Crystal Displays (SMLCDs), a roll coater is usually used in order to apply positive-tone photoresist on a panel substrate. More than half of the applied costly photoresist is drained out of the coater, which is disposed of as industrial waste. It is therefore important for LCD manufacturers to cut down resist consumption in order to reduce production related costs as well as to protect the environment against industrial waste. [1] One approach to reducing resist consumption is to reuse the drained-out resist; that is, photoresist reclamation. Fortunately, in most SMLCD manufacturing lines, one positive diazonaphotoquinone (DNQ 1' novolak resist vtith propylene glycol monomethylether acetate (PGMEA) solvent is used for all patterning processes.
Photoresist is dropped on rolls in the coater and the resist on rolls is transferred to a panel substrate; that is, resist coating. In reclamation, resist which is leaked out of both side edges of the roll is collected; then its viscosity is adjusted to its original state by adding the solvent, PGMEA; resulting in it being totally filtered. Thus, the collected resist is reused repeatedly without making waste. Therefore, we have to study how the collected resist changes in the course of time in terms of coagulation as well as characteristics.
The resist which is used in our experiments does not contain any adhesion promoter for fear that the promoter sill chemically change and have bad effects on the collected resist during its repeated use. First the density of particles formed during a coating process was measured by using a particle counter, a Rion K.K. KL-20A model, having a semiconductor laser ( ,. =787 µm). The particle density in the collected resist was about two orders of magnitude higher than that in the fresh resist for items greater in size than 0.5 µm ( Table 1 ). The collected resist was then filtered and the particles on a polytetrafluoroethylene (PTFE) filter were evaluated by using Scanning Electron Microscopy (SETA) having a function of Energy Dispersive X-ray (EDX) spectroscopy. The shape of several particles are shown in Photo. 1, and the metal ions contained in them are listed inTable 2. In terms of shape, the feature of each particle was not found, but it was found in terms of metal ions. Most particles are classified into four groups according to their ions; Si-0 group, Zn-S group, Si-Na-AI group, and Si-other ions group. The Si-0 group is associated with substrate glass, the Zn-S group is associated with zinc sulfate as a hardening agent of butyl rubber on the roll, and the Si-Na-AI group is associated with the particles in acetone used in order to remove resist remaining on the filter. Incidentally, the acetone is as well used for the fresh resist, in which the same group particles are found ( Table 2 ). The origins of the Si-other ions group are not always clear, but they must be related to resist conditions like the stainless steel used for a pipe through which the resist passes.
As seen in Table  1 , the particle density is recovered by filtering, and the photochemical properties do not change in terms of Table 1 . Properties of fresh, used, and reclaimed resists. Table 2 . Elements in coagulum in used and fres h resists.
154 the UV ratio between UV absorptions of photoactive compounds (PAC) and resin, mini-mum exposure energy, and the residual film thickness of the unexposed portion. Other properties, except for water content, can be restored by the reclamation. About one percent of water is absorbed from the air. This issue will be discussed below.
When the resist is reclaimed many times, the resist is considered to experience mechanical stress. To impose a lot of stress on the resist, the fresh resist was violently agitated using a homomixer, and particle increase and other properties were evaluated. The particle density had a tendency to increase sith increasing agitation time and it reached saturation in about ten minutes. Compared with the fresh resist, the saturated particle density is three orders of magnitude higher and it can be recovered by filtering.
Formation of Needle-Shaped Crystals
The collected resist `spas kept at a room temperature of 22°C for 50 days, and then it was filtered. Needle-shaped crystals were found by using SE1\I (Photo. 2).
These crystals were sent to X-ray diffraction spectroscopy and were determined to be ammonium zinc sulfate hexahydrate, (NH4)2Zn(SO4)2.6H2O (Fig. 1) . With relation to the above mentioned ZnS dissolution from the butyl rubber, it is considered that the component metal ions in the resist were released into the water and they underwent crystal growth in the 
Formation of Bead-Like Coagula
We experimented what would happen in terms of coagulation when the collected resist was kept at an elevated temperature of 40°C . The bead-like coagula shown in Photo. 3 were found by being filtered through the resist for 100 days, just like the beads we reported in our previous paper [2] , although this resist is slightly different in that the PAC contains monoesters and triesters as many as tetraesters of a benzophenone.
To find out whether there is a difference in the chemical structure of these beads and those of our previous paper, the beads were dissolved in dimethyl sulfoxide (DNISO) and the beaddissolved solution was tested by using Nuclear Magnetic Resonance (NMR) spectroscopy. Figure 2 shows its 13C-NMR spectrum.
The distinctive peak in the spectrum was found to lie on about 20 ppm of the horizontal axis [3 ] , but there was no such peak in the previous case. This peak corresponds to the methyl group which is derived from the novolak resin. The content of the methyl group was determined to be about 10%. Therefore, these beads must be made up of t`vo kinds of esterified PAC; PAC esters with novolak resin and PAC esters with another PAC (Fig. 3) .
In the reclamation system offered here, there is little possibility of bead formation, because these PAC esters are formed at an elevated temperature of above 30 °C and the system does not include any heating process like an evaporator for a solvent.
Reclamation System
It is recommended that a Figure 4 and photograph 4 show a reclamation system, which is composed of a reservoir tank, a viscosity adjuster, a solvent tank, and a microfilter unit.
In the viscosity adjuster, a double cylindrical viscometer is set in the center and it holds the role of uniforming the resist concentration by using its burden blades at the same time. The capacity of the adjuster tank is determined taking into consideration not only the batch size required but the effect of uniforming. The amount of solvent poured at a time into the Photo. 3.
at 40°C .
Coagu lain used resist k ept for 100 days Fig. 2 .13 C-NMR spectrum of bead-like coagula. adjuster is related to both the time and precision needed to adjust the viscosity to the fresh resist level. Figure 5 shows some of the viscosity values of reclaimed resist which were measured by using a Cannon-Fenske viscometer and each value was plotted at the time of reclamation. As seen in the figure, all the viscosity values come to 30 ±0.3 cP ~~ithout a temperature compensation circuit, although the value depends on the room temperature.
Nitrogen gas pressure is imposed to transfer the resist to the next position, thereby avoiding the use of mechanical pumps which might cause friction trouble and coagulation in the resist through its pressure. With regard to water content, the water in the resist should be thoroughly removed because it damages the adhesion of a substrate. [ Table  1 and the water evaporation leads to an equilibrium on water content. In relation to boiling point, it is easy for water evaporation to occur; the boiling point for PGME A is 146°C whereas that of water is 100°C. Continuous reclamation tests showed that the water content was saturated to be about one percent.
Conclusions
Photoresist drained out of a roll coater can be reused by reclamation, even though various kinds of coagula have been produced in the used resist solution. The reclamation is carried out by adjusting viscosity, filtering, and replenishing the fresh resist. A carefully designed system has 
